© 
= 
o 
= 
LUI 


SS 


Sty 


Edema is an abnormal accumulation of 
extracellular water resulting from malfunction 
of the physiologic mechanisms that regulate 


e total body water 

e circulating intravascular volume 

e maintenance of cellular and extracellular 
electrolytes in the appropriate 


concentrations 


total body water, circulating intravascular volume, and the 
maintenance of cellular and extracellular electrolytes in the 
appropriate concentrations. 


Dysfunction in some or all of these systems 
can cause edema by one of two final 
pathways: 


e excessive filtration of fluid across blood 
capillaries 
e inadequate drainage of the interstitium by 


the Ivmbhatic vessels. 


Loss of the “Edema Safety Factor” 


Under normal circumstances, when fluid is 
filtered out of the capillary space into the 
interstitium, there is both an increase in the 
tissue hydrostatic pressure and a 
Simultaneous decline in the IFOP. 


These changes, which occur in response to 
fluid accumulation in the tissues, impede 
further filtration of fluid out of the capillaries. 


Lymph flow also has the ability to greatly 
increase in response to enhanced capillary 
filtration. 


Loss of the “Edema Safety Factor” 


If fluid continues to accumulate, these 
protective forces can become overwhelmed 
and will be unable to counteract additional 
fluid filtration. 


Loss of the “Edema Safety Factor” 


Any condition that increases the permeability 
of the capillary endothelial wall also impairs 
the protective efforts of the edema safety 
factor because proteins leak into the 
interstitial space, raising the IFOP. 


The effect of the increased osmotic pressure 
IFOP is magnified by the decrease in BCOP 
that occurs as the capillaries become 
“leakier.” 


The overall result of these changes Is to 
decrease fluid reabsorption, which leads to 
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Loss of the “Edema Safety Factor” 


As long as there is an appropriate 
compensatory increase in the flow rate of the 
lymphatics in response to changes in the 
Starling forces, edema will not occur. 


Initially, there is a linear increase in lymph 
flow in response to increased filtration, but 
eventually, with continued filtration, lymph 
flow plateaus. 


If there is lymphatic dysfunction, as is often 
present in critically ill patients, edema will 
develop even at normal capillary filtration 
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Increase Permeability of the Vascular Endothelium 


VE-cadherin 
Catenins CMD) [€ 


Under physiologic conditions, the vascular 
endothelium cells in most blood vessels are 
linked with tight junctions, via vascular 
endothelial cadherin which are inter cellularly 
attached with cytoskeletal proteins called 
catenins. l 


Increase Permeability of the Vascular Endothelium 


The stability of this complex is able to 
withstand fluid shear stress and is essential 
in maintaining endothelial barrier integrity. 
During inflammation, the humoral 
proinflammatory mediators disrupt this 


assembly, leading to endothelial dysfunction . 
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Increased Permeability of the Vascular Endothelium 


The loss of endothelial integrity that occurs 
during inflammatory states typically occurs in 
three stages. 

e In the first stage, inflammatory agents 
induce transient vascular leakage through 
the formation of minute gaps between 
endothelial cells. 

e During the second stage, activated 
leukocytes prolong the hyperpermeability. 

e Finally, the microvasculature undergoes 
remodeling under the influence of 
angiogenic factors (e.g. VEGF) that affect 
the integrity of the cell junctions and 
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Hypoalbuminemia 


In healthy people, albumin is the main 
determinant of BCOP and IFOP. 

The permeability characteristics of the 
capillaries and lymphatic drainage maintain 
the albumin distribution that favor the 
reabsorption of IF. 

The redistribution of albumin due to 
increased vascular permeability or impaired 
drainage by lymphatic may lead to edema. 


Hypoalbuminemia 


However, 

in critically ill patients, there is a low 
correlation between serum albumin 
concentration and COP. Instead, in critically ill 
patients, there is a stronger relationship 
between COP and total protein concentration. 
This may be attributable to elevations in 
acute-phase reactant proteins or 
immunoglobulins during states of acute 
illness. Therefore, in critically ill patients, 
hypoalbuminemia does not necessarily 
correlate with edema formation 


Hypoalbuminemia 


Hepatic disease, such as cirrhosis and chronic 
liver disease, from inadequate albumin 
synthesis, as well as 
malabsorption/malnutrition, such as 
kwashiorkor, from inadequate albumin intake 
and synthesis, can also lead to reduced 
oncotic pressure and ultimately edema. 


Increased hydraulic pressure 


Anything that raises capillary pressures may 
leads to edema commonly. 

Capillary hydraulic pressure has 
autoregulatory capacity allowing changes in 
resistance at the precapillary sphincter and 
thus determines the arterial pressure forced 
onto the capillary. 

In contrast, the venous end of the capillary 
has poor regulation, and, as a result, venous 
pressure changes lead to parallel changes in 
capillary hydraulic pressure. 


Increased hydraulic pressure 


Venous pressure can increase in two settings. 
First, when blood volume is expanded, and 
second, when there obstruction at the venous 
end. 

Heart failure and renal disease lead to 
volume expansion, while cirrhosis or right 
heart failure leads to venous obstruction, 
both instances ultimately resulting in edema. 


lymphatic obstruction 


lymphatic obstruction is a well-known cause 
of edema, and common causes include 
lymphedema, tumors, fibrosis, inflammation, 
infection such as Filariasis due to Wuchereria 
bancrofti, surgery, and congenital 
abnormalities. 


